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SUMMARY 


Blrect-readlng  design  charts  are  presented  for  24S-T  aluminum-alloy 
flat  concession  panels  having  longitudinal  stsral^t-veh  Y-section 
stiffeners.  These  charts  make  possible  the  direct  deteimiinatlon  of  the 
stress  and  all  the  panel  proportions  required  to  carry  a  given  intensity 
of  loading  wl^  a  given  skin  thickness  and  effective  length  of  panel. 


nrnROBucnoN 


Design  charts  for  wing  compression  panels  have  been  presented  in 
severeuL  different  forms.  (See  references  1  and  2.)  In  reference  3,  a 
form  was  developed  'vAlch  permitted  the  direct  selection  of  proportions 
for  given  values  of  the  principal  design  conditions  -  intensity  of 
loading,  skin  thickness,  and  effective  length  of  panel.  This  form  also 
made  possible  the  ready  determination  of  the  proportions  having  minimum 
weight  to  meet  these  conditions.  The  charts  presented  in  reference  3 
covered  75S-T  aluminum-alloy  flat  cGnpression  panels  having  longitudinal 
strai^t-web  Y-section  stiffeners.  Similar  charts  for  24S^  aluminum- 
alloy  panels  with  formed  Z-eectlon  stiffeners  are  presented  in  reference  4 
and  direct-reading  design  charts  for  24S-T  eLlumlnum-alloy  Y-stiffened 
panels  are  presented  herein. 


SYMBOIS 


The  symbols  used  for  the  panel  dimensions  are  given  In  figure  1. 
In  addition,  the  following  symbols  are  used; 


c  coefficient  of  end  fixity  as  used  in  Euler  column  formula 

d  rivet  diameter,  inches 

L  length  of  panel,  inches 

p  rivet  pitch,  inches 
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con^resBive  load  per  Inch  of  panel  vldth,  kips  per  inch 
r  all  fillet  radii ^  inches 

t  crosB-Bectlonal  area  per  inch  of  panel  vldth,  ejq^reased  as  an 

equivalent  or  average  thickness,  inches 

p  radius  of  gjrratian.  Inches 

average  stress  at  falling  load,  ksi 

cr^jy  stress  for  local  buckling  of  sheet,  ksi 

Cpy  coii5)resslve  yield  stress,  ksi 

DIRECT-^iEADIITG  DESIOT  CHAfiTS 


Direct-reading  design  charts  for  2k3-T  alianlnua-alloy  flat  com¬ 
pression  panels  with  longitudinal  stralfi^tt-web  Y-section  stiffeners 
having  the  properties  and  proportions  given  in  tables  1  to  6  are  pre¬ 
sented  in  two  foims  in  figures  2  to  11.  In  the  first  foim  (figs.  2  to  6), 
the  design  conditions  of  intensity  of  loading,  effective  length  of 
panel,  and  skin  thickness  are  incorporated  in  the  ordinate  Pj/ts  and 

the  abscissa  ■  This  form,  having  the  design  conditions  Incorporated 

L//c 

in  the  ordinate  and  abscissa,  is  the  more  tuseful  for  most  design  purposes 
because  the  curves  are  more  widely  spaced  and  Interpolation  is  more 
stral^tforward.  In  the  second  (alternate)  form  (figs.  7  to  11 ),  the 
average  stress  at  failure  is  plotted  against  Pj^/ts  as  was  done  in 
the  summary  plots  of  reference  5.  This  alternate  form,  having  the  stress  - 
an  inverse  measure  of  weight  for  a  given  load  —  as  ordinate,  is  the  more 
useful  for  making  generalizations  and  congjarisons  of  structural  efficiency 


because  it  shows  how  nearly  the  stress  actually  carried  approaches  the 
upper  limit  corresponding  to  the  stress  that  would  be  achieved  by  a  pure 


shell  construction  If  a  pure  shell  could  carry  the  load  without  failure. 

— 

This  upper  limit  of  stress  Is  represented  by  the  lines  for  Of  =  - — 


(infinite  stiffener  spacing)  In  figures  7  to  11. 


Values  of  the  ratios  of  stiffener  thickness  to  skin  thickness  %/ts, 
average  spacing  of  rivet  lines  to  skin  thickness  8/13  (because  there 

are  two  rivet  lines  associated  with  each  Y-sectlon,  the  stiffener  spacing 
equeils  28 ),  and  height  of  stiffener  to  stiffener  thickness  H/t^,  which 

will  satisfy  the  design  conditions,  my  be  found  directly  from  these 
charts,  and  the  corresponding  section  properties  t/tg,  and  p/ts 

may  be  found  from  tables  2  to  6.  In  the  first  form  of  design  chart 
(figs.  2  to  6)  dashed  lines  are  used,  to  indicate  values  of  average 
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stress  at  falliire  o^;  \^ereas,  an  the  alternate  form  of  deslg^  chart 

(figs.  7  to  11 )  dashed  lines  are  used  to  Indicate  values  of  — .  In 

L//C 

both  forms  the  value  of  Of  corresponding  to  the  point  et  vhich  each 
curve  is  cut  "bj  a  short  heavy  line  is  the  value  of  the  stress  for  local 
buckling  for  the  proportions  represented  by  the  curve.  For 


H 


exaa^le,  the  value  of  a  for  —  =  33.8  and  ~  =  l6.2  in  figure  2 

,  /  ^  % 

is  apprortoately  41.3  ksl.  IQnly  a  very  short  panel  of  these  proportions 

\  Pi  .  \ 

would  buckle  before  fallui*e  —  one  having  a  value  of  ^  0.60.) 

L/l^  / 


If  the  value  of  cr^j,  is  so  low  that  the  short  heavy  line  would  fall 

outside  the  boundaries  of  the  chart,  a  nianerlcal  value  of  cr^j.  is  given 
and  is  associated  with  the  proper  proportions  by  a  leader  to  the  curve. 
The  panel  proportiona  *.dxlch  have  wel^t  are  indicated  on  both 

foims  of  these  charts  by  the  use  of  colors  as  follows: 


(l)  If  the  proportiona  correspond  to  a  blue  region,  they  are  the 
proportiona  vixicb.  give  the  lightest  possible  24S-T  Y-stiffened  panel 
\diich  will  meet  the  design  conditions 


(2)  If  the  proportions  correspond  to  a  rod  region,  they  are  the 
lightest  possible  at  the  ratio  of  stiffener  thickness  to  skin  thickness 
given  by  that  particular  cTiart,  but  some  other  thickness  ratio  would 
give  a  lighter  design 


(3)  If  the  proportlans  correspond  to  a  ■white  region,  the  proportions 
meet  the  design  conditions,  but  they  are  not  the  li^test  -which  will 
meet  the  conditions 

Because  in  many  cases  the  proportions  may  be  varied  some'what  from 
those  indicated  by  the  red  and  blue  regions  ■vd.th  little  change  in  the 
■value  of  the  stress  that  can  be  carried,  too  much  iii5>ortance  should  not 
be  attached  to  the  exact  proportions  indicated  by  the  colors  to  have 
minimum  wei^t.  In  any  particuleir  case  for  -which  a  deviation  from  the 
minimum-wei^t  proportions  is  made,  however,  caution  dictates  that  the 
wei^t  penalty  associated  -with  this  deviation  be  determined. 

The  direct-reading  design  charts  presented  herein  were  developed  in 
the  manner  described  in  reference  3  from  the  test  data  and  resulting 
curves  gi.ven  in  reference  5. 


USE  OF  THE  DIRECThREADING  DESIGN  CHAROS 


-r 


The  manner  of  using  the  direct— reading  design  charts  depends  in 
some  measure  on  the  desired  degree  of  precision  of  interpolation  among 
the  curves.  For  many  purposes,  interpolation  by  inspection  is  of 
adequate  accui-acy,  and  the  use  of  the  charts  requires  only  the  calculation^  yj\ 

I 
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of  the  values  of  the  design  parameters  P^/tg  and 


^1 


to  peimit  the 


desired  proportions  to  he  read  directly  from,  the  curves.  Kie  proportions 
for  welg^tt,  moreover,  may  he  found  directly  as  those  corresponding 

to  the  blue  region  on  the  curves. 


If  more  accurate  Interpolation  Is  deseed,  a  plot  can  readily  he 


made 


of 

P. 


and 


at  the  given  values  of  Pi/tg 
(This  plot  Is 


l/t^.  Of,  and  (Tq3.  against  S/tg 

'■■■  ■  and  the  proportions  can  he  picked  from  It. 

I<//c 

slmllai*  to  that  which  rea^^lts  from  the  use  of  the  minimum-weight  design 
procedure  with  the  previously  available  deslg^i  charts  as  Illustrated  In 
reference  2.)  On  a  plot  of  this  type,  the  proportions  forjnlnlmum  wel^t 
coirespond  to  those  associated  with  the  hipest  value  of  Of. 


As  a  check  on  the  accuracy  of  Interpolation,  the  cross-sectional  area 
per  Inch  of  width  of  the  design  may  he  determined  from  the  values  of  ^/tg 
given  In  tables  2  to  6  and  the  value  of  the  intensity  of  loading  P^  that 
can  he  carried  on  this  cross-sectional  aorea  per  Inch  at  the  value  of  5^ 
given  by  the  charts  may  then  he  con^iared  with  tlie  design  value  of  Pj^, 


niBSOWIVE  EXAMPLE 


In  order  to  Illustrate  the  use  of  the  direct— reading  design  charts 
and  the  simplicity  of  tha  computations  associated  with  them,  a  panel 
will  he  designed  for  minimum  wel^t  to  meet  the  same  principal  design 
conditions  used  to  Illustrate  the  design  procedures  in  reference  2, 
namely: 

1.  Intensity  of  loading  P^^  =  3»0  kips  per  Inch 

2.  Skin  thickness  tg  =  0.064  inch 

3.  Effective  length  L/\/c  =  20  inches 

As  was  pointed  out  In  reference  5,  intensity  of  loading  as  small 
as  3-0  kips  per  inch  may  require  a  stiffener  thickness  smaller  than 
can  he  successfully  extruded.  The  veilue  of  P^  of  3.0  kips  per  inc ; 

Is  retained  for  the  example,  however.  In  order  to  provide  a  ready 
comparison  with  the  examples  of  reference  2. 


MCA  TK  No.  1777 


5 


First  the  Yalues  of  and  — =-  are  calculated 


•1  3.0 


■^s  o.g64 

=  46.9  ksi 

-!L  -  3.0 

L//c  "  20//T 


=  0.15  kei 


/  t^^ 

Then  a  trial  value  of  t^j/t3  is  assumed  ^or  the  example  =  0.51 
will  he  usedh  In  the  chart  for  this  value  of  ty/t3  (fig.  3)  the 

/  T} 


points  corresponding  to  the  design  values  of  and  — —  lie  above 

V  Wi/c 

the  rod  lino  at  5- ^44.6  (or  ~  «24),  below  the  red  line  at  7-*55.3 
^r  ^  =  3^,  and  ver7  nearly  on  the  red  lino  at  ~  =  49.9  ^  =  2'^. 


Accordingly,  the  value  of  H/t^^  for  minimum  weight  for  ^  =  O.5I  lies 

S 

between  44,6  and  55* 3»  etni  because  the  values  are  established  by  red  lines, 
not  blue  lines,  some  value  of  t^/t3  other  than  O.5I  will  give  less 

wei^t.  Inspection  of  the  charts  for  other  values  of  ty/t3  reveals  that 

P. 

at  the  given  design  values  of  Pi/t3  and  the  blue  region  lies 

between  ~  =  55.3  and  ~  =  6O.7  on  the  chart  for  ^  =  0.40.  By  interpo- 
lation,  the  panel  proportions  corresponding  to  this  blue  region  are  found 


to  be 


■tw 


«  60.5  ^  «  3^  «>4  ^  =  27.0  K  38.0), 


and  for  these 


proportions  ^  31.3  ksl  and  ~  31.3  ksi,  which  are  the  values  for 
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ml Winn  weight.  The  actual  panel  dlmenalons  can  he  calculated  from  these 
proportions  as 

+  '•^4. 

tj  % 

=  o.4o(o.o64) 

0.025  inch 

=  60.5(0.025) 
s  1.51  inches 


=  27.0(0.064)  “ 

-  1.73  inches 

RTi(i  the  section  properties  can  he  deteimined  from  table  2  as 

h  =  jr~  tg 

=  4.90(0.064) 

=  0.314  inch 

=  8.13(0.064) 

=  0.521  inch 
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lii  order  to  iUuBtrate  the  use  of  the  direct-reading  desl^i  charts 
uhen  more  accurac7  than  that  corresponding  to  Intesrpolatlon  hj  Inspection 
Is  desired,  a  plot  has  "been  made  (fig.  12)  of  the  values  of  Ocx., 

p 

and  H/t^f  give  •  hy  the  charts  at  the  design  values  of  Pi/t3  and  — - — . 

The  proportions  vhlch  give  the  highest  value  of  Of  can  he  readily 

selected  from  a  plot  of  this  kind.  (For  the  exa]iq;)lo  these  proportions 
are  so  nearly  the  same  as  vere  obtained  by  Inspection  that  the  values 
vlU  not  be  repeated;  however,  the  flatness  of  the  curve  of  Of  against 

S/tg  in  figure  12  shows  that,  for  a  fairly  wide  range  of  proportions 

for  this  partlciilar  design,  the  stress  that  could  be  carried  would  be 
substantially  the  same  as  that  for  minimum  wel£^t. ) 

As  a  check  on  the  accuracy  of  Interpolation,  the  ma^iltude  of  T/tg 

for  these  proportions  can  be  determined  from  table  2  and  multiplied  by 
the  values  of  tg  and  for  the  design.  This  product  should  be 
equal  to  the  design  value  of  Pj^.  For  the  ezaiq>le 

fff  =  31.3  Icsl 


—  =  1.500 

and 


=  31.3(l.50O)(0.064) 


=  3.0  kips  per  Inch 

which  agrees  with  the  design  value  of  Pj  originally  assumed. 

langley  Aeronautical  Laboratory 

National  Advisory  Committee  for  Aeronautics 
Langley  Field,  Va.,  July  30,  1948 
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TABLE  l.~  MATERIAL  SROFERTZES  AND  FROFORTIOIIS  OF 

RltS-T  AILKniUM-ALLCnr  PAmZS  HAYING  EXTRUDED 

STRAIGST-WEB  T-SBCnON  SIHFEHERS 

[For  detallB  of  stiffener  proportions  and  diameter 
and  pitch  of  rlrete,  see  tables  2  to  6;  for 
panel  dimensions,  see  fig.  ij 


Almnlnum  alloy 

o’oy 

(hsl) 

Sheet 

Stiffeners 

2te-T 

2lt8-JT 

44.0 

42.3 

Proportions 

■ - -  '  - — — — — — . — 

Material  properties 


^  =  0.56  ~  -  0.89 


H  ^  ^ 

=  1.79  ~  +  1.6 


i...; 


s 
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.05  .05  .07  08.09.10 


.15 


.40  .30  .60  .70  .90001.00 


.80  .85  .30 

Figure  2  .-Direct-reading  design  chart  for  fiat  compression  paneis  of24S-T  aluminum 
alloy  with  straight-web  Y- sect  ion  stiffeners  ,  ^m0.40. 
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Figure  5-  Direct- reading  design  chart  for  flat  compression  panels  of  Z4S-T  aluminum 

alloy  with  straight-mob  Y-secthn  stiffeners,  ^•0.79. 
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Figure  6.- Direct-reading  design  chart  for  flat  compression  panels  of  24S-T  aluminum 

alloy  with  straight-web  Y- section  stiffeners,  ^‘I.OO. 
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Colon  Indleato  mlnlpium-wolf^t 


f-'<rjks/  Proportions  for ^^>0,63 

^16.0  Rod  moons  somo  othor. 

ii  o  ' 

v  blus  moons  nsi  othor  voluo 

1  of gtvoo  loos  wolght. 


^OT,.  ksl 


^iSSSsi 


Figure  9.—Direct>^reading  design  chart  (alternate  form)  for  flat  compression  panels 

*w 

of24S-T  aluminum  alloy  with  straight-web  Y-section  stiffeners,  -r*  0.63, 


Figure  Dir0chr§ading  design  chart  falfmmtst  for  Hot  comprot^  panots  of  24$-^ 
alomlmm  attoy  with  straight^wob  Y-ooction  stiffoogn. 
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Figure  ! /.-Direct -reading  design  chart  (alternate  form)  for  flat  compression  panels  of  24S-T 
aluminum  alloy  with  straight-web  Y-secthn  stiffeners^  ^  *  i.OO. 
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